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1
THERMO-MAGNETIC CYCLE APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Application

No. 2013-84331 filed on Apr. 12, 2013, the disclosure of
which 1s incorporated herein by reference in 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to a thermo-magnetic cycle
apparatus using magneto-caloric effect of magnetic material.
The thermo-magnetic cycle apparatus may be used as a mag-
neto-caloric effect type heat pump apparatus.

BACKGROUND

JP2012-255642A and JP4557874B disclose a magneto-
caloric effect type heat pump apparatus which i1s one embodi-
ment of the thermo-magnetic cycle apparatus which uses a
temperature characteristic of a magnetic substance. The
documents propose heat pump apparatuses using the mag-
neto-caloric effect of the magneto-caloric element which 1s a
magnetic substance. The proposed apparatuses have a mag-
netic field modulating device having a permanent magnet and
yoke members forming a magnetic path. The magnetic field
modulating device cyclically and alternately switches a state
of external magnetic field. The magnetic field modulating
device switches between a state where the external magnetic
field 1s applied to the magneto-caloric element and a state
where the external magnetic field 1s removed from the mag-
neto-caloric element. The state where the external magnetic
field 1s applied may also be referred to as a magnetized state.
The state where the external magnetic field 1s removed may
also be referred to as a demagnetized state. The magnetic field
modulating device modulates periodically strength of the
external magnetic field which 1s applied to the magneto-
caloric element by rotating magnetic members 1including the
permanent magnet.

SUMMARY

The magnetic circuits disclosed in the documents are large
and heavy. For this reason, the thermo-magnetic cycle appa-
ratus had large body and heavy weight. It such view points, 1t
1s demanded to improve the thermo-magnetic cycle appara-
tus.

It 1s an object of the present disclosure to provide a light-
welght thermo-magnetic cycle apparatus.

It 1s another object of the present disclosure to provide a
small thermo-magnetic cycle apparatus.

It 1s still another object of the present disclosure to provide
a thermo-magnetic cycle apparatus which can use a magnetic
field modulating device that provides a magnetizing period
shorter than a demagnetizing period.

The present disclosure employs the following technical
means, 1n order to attain the above-mentioned object.

According to a disclosure, a thermo-magnetic cycle appa-
ratus 1s provided. The apparatus comprised a magneto-caloric
clement which generates heat dissipation and heat absorption
in response to strength change of an external magnetic field.
The apparatus also comprises a magnetic field modulating
device which modulates the external magnetic field applied to
the magneto-caloric element. The device modulates the exter-
nal magnetic field so that a magnetized period and a demag-
netized period are periodically altered. The magnetized
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period 1s when the magneto-caloric element 1s placed 1 a
strong external magnetic field. The demagnetized period 1s
when the magneto-caloric element 1s placed in a weak exter-
nal magnetic field which 1s weaker than that 1n the magnetized
period. The device modulates the external magnetic field so
that the magnetized period 1s shorter than the demagnetized

period.
According to the above arrangement, since the magnetized

period 1s shorter than the demagnetized period, 1t 1s possible
to reduce weight of a magnetism source for supplying the
external magnetic field.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages ol the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a block diagram of a magneto-caloric effect type
heat pump apparatus (hencetorth a MHP apparatus) accord-
ing to a first embodiment;

FIG. 2 1s a cross-sectional view of the MHP apparatus
according to the first embodiment;

FIG. 3 1s a cross-sectional view of the MHP apparatus
according to the first embodiment;

FIG. 4 15 a perspective view of a magneto-caloric element
according to the first embodiment;

FIG. 5 15 a cross-sectional view of a magneto-caloric ele-
ment according to the first embodiment;

FIG. 6 15 a cross-sectional view of a magneto-caloric ele-
ment according to a second embodiment;

FIG. 7 1s a cross-sectional view of a magneto-caloric ele-
ment according to a third embodiment;

FIG. 8 1s a cross-sectional view of a magneto-caloric ele-
ment according to the third embodiment;

FIG. 9 15 a cross-sectional view of a magneto-caloric ele-
ment according to a fourth embodiment;

FIG. 10 1s a cross-sectional view ol a magneto-caloric
clement according to the fourth embodiment;

FIG. 11 1s a perspective view of a magneto-caloric element
according to a fifth embodiment; and

FIG. 12 1s a cross-sectional view of the MHP apparatus
according to a sixth embodiment.

DETAILED DESCRIPTION

Embodiments of the present disclosure are explained refer-
ring to drawings. In the embodiments, the same parts and
components as those in each embodiment are indicated with
the same reference numbers and the same descriptions will
not be reiterated. In a case that only a part of component or
part 1s described, other descriptions for the remaining part of
component or part 1n the other description may be 1corpo-
rated. Components and parts corresponding to the compo-
nents and parts described 1n the preceding description may be
indicated by the same reference number and may not be
described redundantly. The embodiments may be partially
combined or partially exchanged 1n some forms which are
clearly specified in the following description. In addition, 1t
should be understood that, unless trouble arises, the embodi-
ments may be partially combined or partially exchanged each
other 1n some forms which are not clearly specified.

First Embodiment

FIG. 11s a block diagram showing a vehicle air-conditioner
10 for vehicle according to a first embodiment that practices
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the invention. The vehicle air-conditioner 10 has a magneto-
caloric effect type heat pump apparatus 11. Hereinaifter, the
magneto-caloric effect type heat pump apparatus 11 may be
referred as MHP apparatus 11. The MHP apparatus 11 pro-
vides the thermo-magnetic cycle apparatus.

In this specification, the word of the heat pump apparatus 1s
used 1n a broad sense. That 1s, the word of the heat pump
apparatus 1includes both of a heat pump apparatus using cold
energy and a heat pump apparatus using hot energy. The heat
pump apparatus using cold energy may correspond to a refrig-
erating cycle apparatus. The word of the heat pump apparatus
may be used as a concept that includes the refrigerating cycle
apparatus.

The MHP apparatus 11 has a magneto-caloric effect ele-
ment. Hereinafter, the magneto-caloric effect element may be
referred to as MCE element. The MCE element 12 produces
both heat generation and heat absorption i1n response to
strength of an external magnetic field. The MCE element 12
generates heat 1n response to applying the external magnetic
field, and absorbs heat in response to removing the external
magnetic field. When the external magnetic field 1s applied to
the MCE element 12, electron spins gather 1n the direction of
the magnetic field. At this time, magnetic entropy decreases
and the temperature 1s raised by emitting heat. When the
external magnetic field 1s removed from the MCE element 12,
the electron spins become to have disordered state. At this
time, magnetic entropy increases and the temperature 1S low-
ered by absorbing heat. The MCE element 12 1s made of
magnetlc substance which has a high magneto-caloric effect
in an ordinary temperature region. For example, the MCE
clement 12 may be made of a gadolintum(Gd)-base material
or lanthanum-iron-silicon compound. Alternatively, a mix-
ture of manganese, 1ron, phosphorus, and germanium may be
used.

One MCE element 12 and components relevant to 1t pro-
vide a magneto-caloric element umt. The magneto-caloric
clement unit may be referred to as an MCD unit (Magneto-
Caloric effect Device unit.) The MHP apparatus 11 uses mag-
neto-caloric effect of the MCE element 12. The MHP appa-
ratus 11 has a magnetic field modulating (MEFM) device 13
and a heat transporting device 14 for operating the MCE
clement 12 as an AMR (Active Magnetic Relrigeration)
cycle.

The MFM device 13 applies the external magnetic field to
the MCE element 12, and varies the strength of the external
magnetlc field apphed to the MCE element 12. The MFM
device 13 periodically switches the magnetized state where
the MCE element 12 1s placed 1n a strong magnetic field and
the demagnetized state where the MCE element 12 1s placed
in a weak magnetic field or a zero magnetic field. The MFM
device 13 modulates the external magnetic field so that the
external magnetic field periodically repeats a magnetized
period PM when the MCE element 12 1s placed 1n a strong,
magnetic field and a demagnetlzed period PN when the MCE
clement 12 1s placed 1n the external magnetic field that 1s
weaker than that in the magnetized period PM. The MFM
device 13 1s set to provide the magnetized period PM that 1s
shorter (PM<PN) than the demagnetized period PN. The
MFM device 13 has a magnetism source for generating the
external magnetic field, for example, a permanent magnet,
and an electromagnet. The magnetism source 1s configured to
set the magnetized period PM 1s shorter than the demagne-
tized period PN.

The heat transporting device 14 has fluid devices for gen-
erating tlow of a heat transport medium for transporting heat
to be dissipated or absorbed by the MCE element 12. The heat

transporting device 14 1s a device which generates flow of the
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heat transport medium so that the heat transport medium
flows along the MCE element 12 and performs heat exchange
with the MCE element 12. The heat transporting device 14
generates a bidirectional flow including a flow FM and a flow
FN of the heat transport medium. The flow of the heat trans-
port medium 1s the bidirectional flow FM, FN switched alter-
nately 1n a synchronizing manner with change of the external
magnetic field by the MFM device 13.

In this embodiment, the heat transport medium which car-
ries out heat exchange to the MCE element 12 i1s called a
primary medium. The primary medium can be provided by
fluid, such as anti-ifreezing solution, water, and oil. The heat
transporting device 14 generates a bidirectional flow of the
heat transport medium. The heat transporting device 14 alter-
nately changes flow directions of the heat transport medium
in a forward and backward manner in a synchronizing manner
with an increasing and decreasing changes of the external
magnetic field by the MFM device 13. The heat transporting
device 14 may have a pump for generating flow of the heat
transport medium. The heat transporting device 14 has pumps
41 and 42 for generating flow of the primary medium. The
pumps 41 and 42 supply the bidirectional tlow of the primary
medium for one MCE element 12. The pumps 41 and 42 are
arranged on both ends of the MCE element 12. The pumps 41
and 42 are arranged to perform complementarily a suction
process and a discharge process.

The MHP apparatus 11 has amotor 15 as a source of power.
The motor 13 1s the source of power for the MFM device 13.
The motor 15 1s the source of power for the heat transporting
device 14.

The MHP apparatus 11 has a high-temperature system 16
which conveys high temperature created by the MHP appa-
ratus 11. The high-temperature system 16 1s also a device
which uses the high temperature created by the MHP appa-
ratus 11. The MHP apparatus 11 has a low-temperature sys-
tem 17 which conveys low temperature created by the MHP
apparatus 11. The low-temperature system 17 1s also a device
which uses the low temperature created by the MHP appara-
tus 11.

The high-temperature system 16 has a heat exchanger 51
which provides heat exchange between the primary medium
and a secondary medium for the high-temperature system 16.
The secondary medium 1s a heat transport medium used to
convey thermal energy in the high-temperature system 16.
The secondary medium can be provided by fluid, such as
anti-freezing solution, water, and o1l. The high-temperature
system 16 has a passage 52 1n which the secondary medium
flows 1n a circulating manner. The high-temperature system
16 has a heat exchanger 53 which provides heat exchange
between the secondary medium and the other medium. For
example, the heat exchanger 33 provides heat exchange
between the secondary medium and air. The high-tempera-
ture system 16 1s also a device which removes heat, 1.¢e.,
thermal energy, from the high-temperature end, and cools the
high-temperature end.

The low-temperature system 17 has a heat exchanger 54
which provides heat exchange between the primary medium
and a secondary medium for the low-temperature system 17.
The secondary medium 1s a heat transport medium used to
convey thermal energy in the low-temperature system 17. The
secondary medium can be provided by fluid, such as anti-
freezing solution, water, and o1l. The low-temperature system
17 has a passage 535 1n which the secondary medium flows 1n
a circulating manner. The low-temperature system 17 has a
heat exchanger 56 which provides heat exchange between the
secondary medium and the other medium. For example, the
heat exchanger 56 provides heat exchange between the sec-
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ondary medium and air. The low-temperature system 17 1s
also a device which brings heat, 1.e., thermal energy, into the
low-temperature end, and heats the low-temperature end.

The vehicle air-conditioner 10 1s mounted on a vehicle, and
carries out temperature control of passenger compartment of
the vehicle. Two heat exchangers 53 and 56 provide compo-
nents of the vehicle air-conditioner 10. The heat exchanger 53
1s a high-temperature-side heat exchanger 53 of which tem-
perature usually reach higher than that of the heat exchanger
56. The heat exchanger 53 may also be called an indoor heat
exchanger 53. The heat exchanger 56 1s a low-temperature-
side heat exchanger 56 of which temperature usually reaches
lower than that of the heat exchanger 53. The heat exchanger
56 may also be called an outdoor heat exchanger 56. The
vehicle air-conditioner 10 also has air-system devices such as
an air-conditioning duct and fan which are provided to use the
high-temperature-side heat exchanger 53 and/or the low-tem-
perature-side heat exchanger 56 for air conditioning.

The vehicle air-conditioner 10 may be used as an air cool-
ing device or an air heating device. The vehicle air-condi-
tioner 10 may have a cooler for cooling air supplied to the
compartment and a heater for heating again the air cooled by
the cooler. The MHP apparatus 11 may be used as a cold-
energy supplying source in the vehicle air-conditioner 10 or a
warm-energy supplying source in the vehicle air-conditioner
10. That 1s, the high-temperature-side heat exchanger 33 may
be used as the heater. The low-temperature-side heat
exchanger 56 may be used as the cooler.

When the MHP apparatus 11 1s used as the warm-energy
supplying source, air passing through the high-temperature-
side heat exchanger 53 1s supplied to the compartment and 1s
used for heating. At this time, the air which passed the low-
temperature-side heat exchanger 56 1s discharged to the out-
side of the vehicle. When the MHP apparatus 11 1s used as a
cold-energy supplying source, air passing through the low-
temperature-side heat exchanger 56 1s supplied to the com-
partment and 1s used for cooling. At this time, the air which
passed the high-temperature-side heat exchanger 53 1s dis-
charged to the outside of the vehicle. The MHP apparatus 11
may be used as a dehumidifier system. In this case, air passes
through the low-temperature-side heat exchanger 36, and
then, passes the high-temperature-side heat exchanger 53,
and 1s supplied to the compartment. The MHP apparatus 11
may be used as a warm-energy supplying source both in the
summer season and the winter season.

The vehicle air-conditioner 1 has a controller (CNTR) 18.
The controller 18 controls a plurality of controllable compo-
nents of the vehicle air-conditioner 10. For example, the
controller 18 controls the motor 15 to at least switch the MHP
apparatus 11 1n an activated mode and a deactivated mode.

The controller 18 1s an electronic control unit. The control-
ler 18 1s an electrical control unit (ECU). The controller 18
has at least one processing unit (CPU) and at least one
memory device (MMR ) provided as a storage medium which
stores a set of program and data. The controller 18 1s provided
with a microcomputer having the storage medium readable
by a computer. The storage medium 1s a non-transitory stor-
age medium which stores a program readable by the com-
puter. The storage medium can be provided by a device, such
as a solid state memory device and a magnetic disc memory.
The controller 18 1s provided with one computer, or a set of
computer resources linked by a data communication device.
The program, when executed by the controller 18, makes the
controller 18 to function as devices described in this specifi-
cation, and makes the controller 18 to perform methods
described 1n this specification. The controller 18 provides a
plurality of various elements. At least a part of those elements
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6

may be called as means for performing functions, and, in
another aspect, at least a part of those elements may be called
as structural blocks or modules.

FIG. 2 1s a cross-sectional view of the MHP apparatus 11
according to the first embodiment. FIG. 3 1s a cross-sectional
view of the MHP apparatus 11 according to the first embodi-
ment. FIG. 2 shows a cross-section on a line shown 1n FIG. 3.
FIG. 3 shows a cross-section on a line shown in FIG. 2.

The motor 15 provided as the power source for the MHP
apparatus 11 1s driven by a battery mounted on the vehicle.
The motor 135 rotates the rotor 13 which provides the MFM
device 13. Thereby, the motor 15 and the MFM device 13
creates a periodically alternating change between an applied
state 1n which the external magnetic field 1s applied to the
MCE element 12 and an removed state 1n which the external
magnetic field 1s removed from the MCE element 12. The
removed state may be referred to as a non-applied state in
which the external magnetic field 1s not applied to the MCE
clement 12. The motor 15 drives the pumps 41 and 42 of the
heat transporting device 14. Thereby, the pumps 41 and 42
generate the bidirectional flow of the primary medium for one
MCE eclement 12.

The pumps 41 and 42 produce the bidirectional tlow of the
primary medium in the MCD unit 1n order to make the MCE
clement 12 functions as the AMR cycle. The pumps 41 and 42
are displacement-type bidirectional flow pumps. The pumps
41 and 42 are cam-plate type piston pumps. The pumps 41 and
42 are axial piston pumps having a plurality of cylinders. One
cylinder of the pump 41 and one cylinder of the pump 42 are
arranged to one MCE element 12. Two cylinders arranged on
one MCE element 12 functions complementarily. Thereby,
the pumps 41 and 42 supply the bidirectional flow of the
primary medium tlowing along the longitudinal direction of
one MCE element 12. In this embodiment, the MHP appara-
tus 11 has a plurality of MCE elements 12 which are con-
nected i thermally parallel. In the MHP apparatus 11, eight
MCE elements 12 are connected 1n thermally parallel. There-
fore, each one of the pumps 41 and 42 has 8 cylinders.

The MHP apparatus 11 has a housing 21 which may be
called as a circular cylindrical or a circular columnar shape.
The housing 21 supports the rotary shait 22 rotatably on a
central axis of the housing 21. The rotary shaft 22 1s con-
nected with the output shait of the motor 15. The housing 21
defines an accommodation chamber 23 for accommodating
the MFM device 13 around the rotary shaft 22. The accom-
modation chamber 23 i1s formed 1n a shape like a circular
columnar shape. A rotor core 24 1s fixed to the rotary shatt 22.
The rotor core 24 and the housing 21 provide yoke members
for guiding and passing the magnetic tlux. The rotor core 24
1s configured to form a range which 1s easy to pass through the
magnetic flux along the circumierential direction thereof and
a range which 1s hard to pass through the magnetic flux. A
permanent magnet 25 1s fixed to the rotor core 24. A plurality
of magnets 25 are fixed on the rotor core 24. The permanent
magnet 25 1s formed 1n a semi-cylindrical shape which has a
fan-shaped cross section. The permanent magnet 25 1s fixed
on a radial outside surface of the rotary shatt 22.

The rotor core 24 and the permanent magnet 25 form
regions around them. One region 1s that the external magnetic
field provided by the permanent magnet 235 1s strong. The
other one region 1s that the external magnetic field provided
by the permanent magnet 25 1s weak. In the region 1n which
the external magnetic field 1s weak, a state 1n which the
external magnetic field 1s almost completely removed 1s pro-
vided. The rotor core 24 and the permanent magnet 23 rotate
in a synchronizing manner with a revolution of the rotary
shaft 22. Therefore, the region of strong external magnetic
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field and the region of weak external magnetic field rotate
synchronously with the revolution of the rotary shaft 22. As a
result, at one point on a circumierence of the rotor core 24 and
the permanent magnet 23, a period when the external mag-
netic field 1s strongly applied and a period when the external
magnetic field becomes weak and was almost removed are
alternately appears. Therefore, the rotor core 24 and the per-
manent magnet 25 provide the MFM device 13 which alter-
nates the applied state and the removed state of the external
magnetic field. The rotor core 24 and the permanent magnet
25 provide a device which alternately switches the state
applying the external magnetic field to the MCE element 12
and the state removing the external magnetic field from the
MCE element 12. The word of the magnetic field 1s inter-
changeable with magnetic flux density or magnetic field
strength.

The housing 21 defines at least one work chamber 26. The
work chamber 26 1s located next to the accommodation cham-
ber 23. The housing 21 defines a plurality of work chambers

26 arranged at equal intervals on a radial outside of the
accommodation chamber 23. In this embodiment, one hous-
ing 21 defines eight work chambers 26. Each of the work
chambers 26 forms a columnar-shaped chamber which has a
longitudinal direction along the axial direction of the housing
21. One work chamber 26 1s formed so that it corresponds to
one cylinder of the pump 41 and one cylinder of the pump 42.
Two cylinders are arranged on both sides of one work cham-
ber 26.

The work chamber 26 provides a channel where the pri-
mary medium flows. The primary medium flows along a
longitudinal direction of the work chamber 26. The primary
medium flows along a longitudinal direction of the work
chamber 26 1n a bidirectional manner 1n which flow directions
are alternately switched 1n one direction and the other oppo-
site direction.

The work chamber 26 also provides an accommodation
chamber 1n which the MCE element 12 1s accommodated.
The housing 21 provides a container 1n which the work cham-
ber 26 1s formed. The MCE element 12 which provides a
magnetic working material having magneto-caloric effect 1s
disposed 1n the work chamber 26.

One MCE element 12 1s formed 1n a columnar shape, 1.¢.,
a rod shape, having a longitudinal direction along an axial
direction of the MHP apparatus 11. The MCE element 12 1s
formed i a shape which can provides suilicient heat
exchange with the primary medium tflowing through within
the work chamber 26. Each NICE eclement 12 may also be
called an element bed.

The MCE element 12 1s placed under an effect of the
external magnetic field switched between an applied state and
a removed state by the MFM device 13. That 1s, as the rotary
shaft 22 rotates, 1t 1s performed to switch the applied state 1n
which the external magnetic field for magnetizing the MCE
clement 12 1s applied and the removed state in which the
external magnetic field 1s removed from the MCE element 12.

As shown 1n FIG. 3, an angular range PM where the per-
manent magnet 25 1s disposed along circumierential direction
1s shorter than an angular range PN where the permanent
magnet 25 1s not disposed. The permanent magnet 235 1s fixed
on a radial outside of the rotary shait 22. An occupying rate of
the permanent magnet 235 along a circumierential direction on
a plan perpendicular to the rotary shaft 22 1s smaller than 2 of
the periphery.

The angular range PM may be referred to as an applying
period 1n which the external magnetic field 1s applied to one
MCE element 12, 1.e., a magnetized period PM. The MFM

device 13 has the permanent magnet 25 that has a size corre-
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sponding to the magnetized period PM. The angular range PN
may also be referred to as a removal period 1n which the
external magnetic field 1s removed from one MCE eclement
12,1.¢., ademagnetized period PN. Demagnetization does not
mean condition where magnetic field 1s zero. Demagnetiza-
tion 1ncludes condition where magnetic field, which 1s weaker
than magnetic field 1n the magnetized period PM, 1s still
applied. By setting the magnetized period PM shorter than the
demagnetized period PN (PM<PN), the angular range PM 1n
which the permanent magnet 25 1s disposed can be reduced.
Thereby, 1t 1s possible to down size the permanent magnet 25
and the rotor core 13. It 1s possible to reduce weight of the
permanent magnet 25 and the rotor core 13. In other words, 1t
1s possible to reduce weight of the magnetism source for
applying the external magnetic field to the MCE element 12.
The angular range PM 1s shorter than 34 of the angular
range PN. Since the magnetized period PM 1s shorter than 34
of the demagnetized period PN (PM<34PN), 1t 1s possible to
enlarge advantage of weight reduction and/or down sizing.
Corresponding to the magnetized period PM 1s set up
shorter than the demagnetized period PN, a discharge and
suction characteristic of the pumps 41 and 42 also set up
asymmetrically. Since the MCE element 12 generates heat 1in
the magnetized period PM, the pumps 41 and 42 are operated
to make the primary medium tlows toward the high-tempera-
ture system 16. On the other hand, since the MCE element 12
absorbs heat in the demagnetized period PN, the pumps 41
and 42 are operated to make the primary medium flows
toward the low-temperature system 17. Since the magnetized
period PM 1s shorter than the demagnetized period PN, a first
period 1n which the primary medium flows toward the high-
temperature system 16 1s shorter than the second period in
which the primary medium flows toward the low-temperature
system 17. The magnetized period PM and the first period
overlap 1n major range of them. The magnetized period PM
and the first period may shiit slightly at a starting range and an
ending range of them. The demagnetized period PN and the
second period overlap 1n major range of them. The demagne-
tized period PN and the second period may shift slightly at a
starting range and an ending range of them. A flow amount of
the primary medium flowing toward the high-temperature
system 16 1n the first period and a flow amount of the primary
medium tlowing toward the low-temperature system 17 1n the

second period are equal. The heat transporting device 14
provides the same flow amounts 1n each of flow directions of
the bidirectional flow FM, FN. Although the first period 1s
short, 1t 1s desirable to be performed suilicient heat exchange
between the MCE element 12 and the primary medium 1n the
first period.

FIGS. 4 and 5 show a heat exchange portion 61 formed on
the MCE element 12. FIG. 5 shows a cross section on a V-V
line shown 1 FIG. 4. The MCE element 12 has a heat
exchange portion 61 which performs heat exchange with the
heat transport medium. The heat exchange portion 61 pro-
vides different heat exchanging efficiencies i one tlow direc-
tion FM and 1n the other flow direction FN out of the bidirec-
tional flow FM, FN. The heat exchange portion 61 has a
configuration that presents asymmetrical different profiles
against each of flow directions of the bidirectional tlow FM,
FN. The heat exchange portion 61 has a triangular pole-
shaped projection 62. The MCE element 12 has a plurality of
projections 62. The plurality of projections 62 defines a chan-
nel 63 for the primary medium around the projections 62. The
projection 62 1s positioned to direct one apex toward the
high-temperature system 16. The projection 62 of the heat
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exchange portion 61 1s arranged so that one side surface, 1.e.,
a base surface, 1s directed toward the low-temperature system
17.

The flow FN which flows to the low-temperature system 17
in the demagnetized period PN collides with the apex of the
projection 62. The flow FN flows smoothly along slant sur-
faces of the projection 62. On the other hand, the flow FM
which flows toward the high-temperature system 16 in the
magnetized period PM collides with the base surface of the
projection 62. The tlow FM i1s impeded by colliding onto the
base surface of the projection 62. The flow FM produces
turbulences around the projection 62.

The heat exchange portion 61 creates and provides higher
pressure loss in the tlow FM than that 1n the flow FN. The heat
exchange portion 61 provides higher pressure loss of the heat
transport medium 1n the magnetized period PM than that in
the demagnetized period PN.

The heat exchange portion 61 provides higher heat
exchanging efficiency in the flow FM than that in the flow FNN.
The heat exchange portion 61 provides higher heat exchang-
ing etficiency in the flow FM of the primary medium in the
magnetized period PM, 1.e., 1n the flow FM toward the high-
temperature system 16, than that in the flow FN 1n an opposite
direction. The heat exchange portion 61 performs higher heat
exchanging efficiency with the heat transport medium 1n the
magnetized period PM than heat exchanging efficiency in the
demagnetized period PN. The heat exchange portion 61 pro-
vides different heat exchanging efficiencies according to the
flow directions of the heat transport medium. According to
this arrangement, since 1t 1s possible to provide higher heat
exchanging efficiency in the magnetized period PM than that
in the demagnetized period PN, 1t 1s possible to obtain a large
heat exchanging quantity even in the magnetized period PM
that 1s short. Thereby, 1t 1s possible to obtain a necessary heat
exchanging quantity between the MCE element 12 and the
primary medium even 1n the first period that 1s short. Even it
the apparatus uses the MFM device 13 that provides the
magnetized period PM shorter than the demagnetized period
PN, it 1s possible to obtain a required heat exchanging quan-
tity 1n the bidirectional flow FM and FN of the heat transport
medium.

In this embodiment, a flow amount in the flow FM and a
flow amount 1n the flow FN, 1.e., a moving amount of the
primary medium in both directions are the same each other. A
flow velocity of the tflow FM and the flow velocity of the flow
FN may be adjusted by changing a discharging characteristic
and/or a drawing characteristic of the pumps 41 and 42.

Width WD of the projection 62 may be set within a range
between 0.1 mm to 0.5 mm. Width GP of the channel 63 may
be set within a range between 0.1 mm to 0.5 mm. Length ML
of the MCE element 12 in the flow direction may be set within
a range between 100 mm to 300 mm.

As the MHP apparatus 11 1s activated and operated, apply-
ing the external magnetic field to the MCE element 12 and
removing the external magnetic field from the MCE element
12 are alternately repeated periodically. Thereby, the MCE
clement 12 generates heat dissipation and heat absorption
alternately. The pumps 41 and 42 generate the bidirectional
flow of the primary medium 1n a synchronizing manner with
the heat dissipation and the heat absorption on the MC.
clement 12. Thereby, heat i1s transferred around the MC.
clement 12.

By operating the MHP apparatus 11 in the above-men-
tioned way, the MCE element 12 disposed 1n the MHP appa-
ratus 11 gets high temperature at the high temperature end and
gets low temperature at the low temperature end. The MHP
apparatus 11 supplies warm temperature to the high-tempera-
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ture system 16 operatively disposed on and thermally con-
nected with the high temperature end. The MHP apparatus 11
supplies cold energy to the low-temperature system 17 dis-
posed on the low temperature end.

According to this embodiment, 1t 1s possible to provide a
light-weight MHP apparatus 11 by setting the magnetized
period PM shorter than the demagnetized period PN. Accord-
ing to this embodiment, 1t 1s possible to provide a small MHP
apparatus 11 by setting the magnetized period PM shorter
than the demagnetized period PN. The heat exchange portion
which varies heat exchanging efficiency depending on flow
directions of the primary medium 1s disposed between the
magneto-caloric element 12 and the primary medium.
Thereby, 1t 1s possible to obtain a necessary heat exchanging
quantity between the MCE element 12 and the primary
medium even in the configuration in which the magnetized
period PM 1s shorter than the demagnetized period PN.

Second Embodiment

This embodiment 1s one of modifications based on a basic
form provided by the preceding embodiment. The preceding
embodiment employs the triangular pole-shaped projection
62. Alternatively, the heat exchange member may employ
various configurations of which heat exchanging efficiency
changes according to the flow direction of the primary
medium. As shown 1n FIG. 6, this embodiment employs a heat
exe_lange portion 261. The heat exchange pertlen 261 has
projections 262 each of which 1s formed 1n a semi-circular
columnar shape The prejeetlens 262 provides higher heat
exchanging efficiency in the flow FM than that in the flow FNN.
The heat exchange portion 261 has a configuration that pre-
sents asymmetrical different profiles against each of flow
directions of the bidirectional flow FM, FN.

Third Embodiment

This embodiment 1s one of modifications based on a basic
form provided by the preceding embodiment. In the preced-
ing embodiments, the heat exchange portion 61 and 261 are
provided by a static heat exchange portion. Alternatively, in
this embodiment, the heat exchange portion 361 having a
dynamic heat exchange member which can actively move 1n
response to the flow of the primary medium 1s employed. The
heat exchange portion 361 1s capable of changing shapes in
each of flow directions of the bidirectional flow FM, FN. The
heat exchange portion 361 has a configuration that becomes
and presents asymmetrical profiles on each of flow directions
of the bidirectional flow FM, FN.

FIG. 7 shows condition of a heat exchange portion 361 1n
the demagnetized period PN. FIG. 8 shows condition of the
heat exchange portion 361 1n the magnetized period PM. As
illustrated, the heat exchange portion 361 has a plurality of
movable members 364, which are disposed on the MCE ele-
ment 12, for performing heat exchange. The movable mem-
ber 364 1s formed 1n a shape like a semi-circular columnar
shape. The movable member 364 1s arranged on a boundary
between the channel 63 and the MCE element 12. The mov-
able member 364 1s a part of the MCE element 12. The
movable member 364 is rotatably supported, 1n a rocking
manner, on a main part of the MCE element 12. The movable
member 364 1s movable to a first position and a second
position by an actuating mechanism 3635. The actuating
mechanism 365 may be provided by actuators, such as a
motor and electro-magnetic solenoid, and a mechanical link-
age which links between the actuator and the movable mem-
ber 364. The controller 18 may control the actuator so that the
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actuator moves the movable member 365 in a synchronized
manner with a revolution of the motor 15.

In the first position shown 1n FIG. 7, the movable member
364 generates and obtains small pressure loss 1n the flow FN
of the primary medium. In the first position, the movable
member 364 provides low heat exchanging efficiency to the
flow FN of the primary medium. In the first position, the
movable member 364 provides small 1rregularities on the
surface of the MCE element 12.

In the second position 1illustrated 1n FIG. 8, the movable
member 364 generates and obtains large pressure loss to the
flow FM of the primary medium. In the second position, the
movable member 364 provides high heat exchanging effi
ciency to the tlow FM of the primary medium. In the second
position, the movable member 364 provides large irregulari-
ties on the surface of the MCE element 12. The 1rregularities
in the second position are larger than the irregularities 1n the
first position. According to this configuration, the heat

exchange portion 361 demonstrates higher heat exchanging
eificiency in the flow FM than that in the flow FN.

Fourth Embodiment

This embodiment 1s one of modifications based on a basic
form provided by the preceding embodiment. The heat
exchange portion 361 which 1s movable by an actuating
mechanism 1s provided 1n the preceding embodiment. Alter-
natively, 1n this embodiment, the heat exchange portion 461
having a dynamic heat exchange member which can pas-
stvely move 1n response to the flow of the primary medium 1s
employed. The heat exchange portion 461 1s capable of
changing shapes in each of flow directions of the bidirectional
flow FM, FN. The heat exchange portion 461 has a configu-
ration that becomes and presents asymmetrical profiles
against each of flow directions of the bidirectional flow FM,
FN.

FI1G. 9 shows condition of the heat exchange portion 461 in
the demagnetized period PN. FIG. 10 shows condition of the
heat exchange portion 461 1n the magnetized period PM. As
illustrated, the heat exchange portion 461 has a plurality of
movable members 466, which are disposed on the MCE ele-
ment 12, for performing heat exchange. The movable mem-
ber 466 1s formed 1n a shape like a fin. The movable member
466 1s arranged on a boundary between the channel 63 and the
MCE element 12. The movable member 466 1s a part of the
MCE element 12. The movable member 466 1s rotatably
supported, 1n a hinge-like manner, on a main part of the MCE
clement 12. The movable member 466 1s movable to a first
position and a second position by recewving the flow of the
primary medium.

In the first position illustrated 1n FI1G. 9, the movable mem-
ber 466 obtains small pressure loss to the flow FN of the
primary medium. In the first position, the movable member
466 provides low heat exchanging efliciency to the tlow FN of
the primary medium. In the first position, the movable mem-
ber 466 provides small irregularities on the surface of the
MCE element 12.

In the second position 1llustrated in FIG. 10, the movable
member 466 obtains large pressure loss to the flow FN of the
primary medium. In the second position, the movable mem-
ber 466 provides high heat exchanging etficiency to the flow
FN of the primary medium. In the second position, the mov-
able member 466 provides large irregularities on the surface
of the MCE element 12. According to this structure, the heat
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exchange portion 461 demonstrates higher heat exchanging
eificiency 1n the flow FM than that 1n the flow FN.

Fifth Embodiment

This embodiment 1s one of modifications based on a basic
form provided by the preceding embodiment. In the preced-

ing embodiments, the MCE element 12 provides the heat
exchange portion by an outside profile of itself. Alternatively,
in this embodiment, the apparatus has a heat exchange portion
561 which varies heat exchanging efficiency depending on
flow directions of the primary medium by vibrating the MCE
clement 12. The heat exchange portion 361 has a vibrator 567
which provides different vibrating state on the NICE element
12 in each of flow directions of the bidirectional flow FM, FN.

FIG. 11 shows the perspective view of the MCE element
12. The NICE element 12 has a plurality of plate-shaped wall
members 562 arranged 1n parallel each other. The wall mem-
bers 562 define channels 563 for the primary medium on the
wall members 562. The heat exchange portion 561 has a
vibrator 567 which vibrates the MCE element 12. The vibra-
tor 567 1s an ultrasonic transducer. The vibrator 567 1s dis-
posed on a side surface of the MCE element 12 to vibrate the
wall members 562. The vibrator 567 does not vibrate the
MCE element 12 or vibrate small in the demagnetized period
PN. The vibrator 567 vibrates the MCE element 12 greatly 1n
the magnetized period PM. Thereby, the heat exchanging
elficiency between the MCE element 12 and the primary
medium 1s increased to be higher 1n the magnetized period
PM than the demagnetized period PN. The controller 18 may
control the vibrator 567 so that the vibrator 567 1s activated
and deactivated 1n a synchromized manner with a revolution of
the motor 15. For example, the controller 18 deactivate the
vibrator 567 to stop vibration when the primary medium
flows 1n the direction shown by the symbol PM, and activate
the wvibrator 567 to supply vibration when the primary
medium flows 1 the direction shown by the symbol PN.
According to this configuration, the heat exchange portion

561 demonstrates higher heat exchanging efficiency in the
flow FM than that in the flow FN.

Sixth Embodiment

This embodiment 1s one of modifications based on a basic
form provided by the preceding embodiment. In the embodi-
ments, pumps 41 and 42 are arranged on both ends of the
MCE element 12. Alternatively, in this embodiment, two
MCE elements 12a and 125 are used. A pump 643 1s arranged
between the MCE elements 12a and 1254.

As shown 1n FIG. 12, the MHP apparatus 11 has two MCE
clements 12q and 125. The heat transporting device 14 has the
pump 643 arranged between two MCE elements 12q and 125.
The pump 643 generates tlow of the primary medium to pass
through both of the MCE elements 12q and 1256. The pump
643 may be provided by a radial piston pump. According to
this embodiment, the primary medium can be supplied to two
MCE elements 12q and 125 by using one pump 643.

Other Embodiments

The present disclosure 1s not limited to the above embodi-
ments, and the present disclosure may be practiced 1n various
modified embodiments. The configuration, function, and
advantages of the above described embodiments are just
examples. The technical scope of the present disclosure shall
not be limited by the above descriptions. The present disclo-
sure 1s not limited to the above combination, and disclosed
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technical means can be practiced independently or 1n various
combinations. Some extent of the disclosure may be shown
by the scope of claim, and also 1ncludes the changes, which 1s
equal to and within the same range of the scope of claim.

In the embodiments, the multi-cylinder pump i1s provided
by the swash plate type pump or the radial piston pump.
Alternatively, the other type of displacement pump may be
used. In the first embodiment, one work chamber 1s disposed
to be associated with one cylinder of the pump. Alternatively,
a plurality of cylinders and one work chamber may be dis-
posed to be associated with, one cylinder and a plurality of
work chambers may be disposed to be associated with, or a
plurality of cylinders and a plurality of work chambers may
be disposed to be associated with.

In the preceding embodiments, the present disclosure 1s
applied to the air-conditioner for vehicle. Alternatively, the
present disclosure may be applied to an air-conditioner for
residences. Further alternatively, the present disclosure may
be utilized to provide a hot-water-supply apparatus which
heats water. In the embodiments, the MHP apparatus 11 uses
the outside air as the main heat source. Alternatively, the other
heat sources, such as water or soil, may be used as the main
heat source.

In the preceding embodiments, the MHP apparatus 11 1s
shown as one example of the thermo-magnetic cycle appara-
tus. Alternatively, the present disclosure may be applied to a
thermo-magnetic engine apparatus which 1s another one of
the thermo-magnetic cycle apparatus. For example, a thermo-
magnetic engine apparatus can be provided by adjusting the
phase angle of the magnetic-field change and the heat trans-
port medium flow on the MHP apparatus 11.

In the preceding embodiments, a pump that performs the
suction process and the discharge process complementarily 1s
employed to generate a bidirectional tlow, 1.e., a reversible
flow or an alternating flow of the heat transport medium. The
present disclosure 1s not limited to use such a pump. The
present disclosure may be applied to an apparatus that gen-
crates the bidirectional flow by using a unidirectional flow
pump and valves, for example.

In the preceding embodiments, the external magnetic field
1s modulated by relatively moving the permanent magnet to
the magneto-caloric element. The present disclosure 1s not
limited to use such a magnetic field modulating device. The
present disclosure may be applied to an apparatus that modu-
lates the external magnetic field by relatively moving the
magneto-caloric element to the permanent magnet.

For example, means and functions of the control device 10
may be provided by only software, only hardware or a com-
bination of the software and the hardware. For example, the
control device may be made of an analogue circuit.

What 1s claimed 1s:

1. A thermo-magnetic cycle apparatus comprising:

a magneto-caloric element which generates heat dissipa-
tion and heat absorption 1n response to strength change
ol an external magnetic field; and

a magnetic field modulating device which modulates the
external magnetic field so that a magnetized period,
when the magneto-caloric element 1s placed 1n a strong
external magnetic field, and a demagnetized period,
when the magneto-caloric element 1s placed 1n a weak
external magnetic field which 1s weaker than that 1n the
magnetized period, are periodically altered, and so that
the magnetized period is shorter than the demagnetized
period.
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2. The thermo-magnetic cycle apparatus 1in claim 1, further
comprising;
a heat transporting device which generates tlow of the heat
transport medium so that the heat transport medium
flows along the magneto-caloric element and performs
heat exchange with the magneto-caloric element, the
flow of the heat transport medium being a bidirectional
flow switched alternately synchronizing with change of
the external magnetic field by the magnetic field modu-
lating device, wherein
the magneto-caloﬂc clement has a heat exchange portion
which performs heat exchange with the heat transport
medium.
3. The thermo-magnetic cycle apparatus i claim 2,
wherein

the heat exchange portion performs higher heat exchang-
ing eificiency with the heat transport medium 1in the
magnetized period than heat exchanging efficiency 1n
the demagnetized period.
4. The thermo-magnetic cycle apparatus i claim 2,
wherein
the heat exchange portion performs different heat exchang-
ing elliciencies according to the flow directions of the
heat transport medium.
5. The thermo-magnetic cycle apparatus i claim 2,
wherein
the heat exchange portion provides higher pressure loss of
the heat transport medium in the magnetized period than
that in the demagnetized period.
6. The thermo-magnetic cycle apparatus 1n claim 2,
wherein
the heat exchange portion has a configuration that presents
asymmetrical profiles against each of flow directions of
the bidirectional flow.
7. The thermo-magnetic cycle apparatus i claim 6,
wherein
the heat exchange portion 1s capable of changing shapes 1n
cach of flow directions of the bidirectional tlow.
8. The thermo-magnetic cycle apparatus i claim 2,
wherein
the heat exchange portion has a vibrator which provides
different vibrating state on the magneto-caloric element
in each of tlow directions of the bidirectional flow.
9. The thermo-magnetic cycle apparatus i claim 1,
wherein
the heat transporting device provides the same flow
amounts 1n each of flow directions of the bidirectional
flow.
10. The thermo-magnetic cycle apparatus 1 claim 1,
wherein
the magnetized period 1s shorter than 34 of the demagne-
tized period.
11. The thermo-magnetic cycle apparatus 1 claim 1,
wherein
the magnetic field modulating device has a permanent
magnet that has a size corresponding to the magnetized
period.
12. The thermo-magnetic cycle apparatus in claim 11,
wherein
the permanent magnet 1s fixed on a radial outside of a rotary
shaft to occupy a range extending in a circumierential
direction, a circumierential occupying rate of the per-
manent magnet on a plan perpendicular to the rotary
shaft 1s smaller than 4.
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